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OBJECT TRACKING APPARATUS, OBJECT
TRACKING METHOD, AND CONTROL
PROGRAM

BACKGROUND OF THE INVENTION 5

1. Technical Field

The present invention relates to a technology of tracking an
object 1n a moving image.

2. Related Art 10

Conventionally, there 1s utilized a technology of tracking
motion of a body such as a person or a substance 1n a moving,
image. For example, 1n one of the motion tracking technolo-
gies, when the object 1s once focused on 1n shooting a moving
image with a digital camera, a digital video camera, or a 15
mobile phone, the object 1s tracked while continuously
focused on.

The body tracking includes initialization processing of
deciding on the tracked body from the image of a certain
frame and searching processing of searching a body (region) 20
similar to the tracked object decided on 1n the 1mitialization
processing from the images of the next frame or later. In the
initialization processing, a partial region of the 1image can be
designated as the tracked object by designating a region 1n the
image with a touch panel or using a well-known face detec- 25
tion or person detection. A template indicating a feature of the
designated tracked object 1s produced in the i1mtialization
processing. The tracked object in the 1mage of the next frame
1s searched by using a degree of similarity to the template 1n
the searching processing. The template 1s updated according 30
to the tracked object 1n the 1mage of the next frame 1n the
searching processing.

Examples of the template producing method include a
method (for example, see U.S. Pat. No. 6,590,999) for obtain-
ing a color distribution or an edge distribution of the tracked 35
object from a region of the tracked object of the 1mage and a
method (for example, see H. Grabner, et. al., “Online Boost-
ing and Vision”, IEEE. Cont. on Computer Vlsmn and Pattern
Recognition, PP. 260-267, 2006) for obtaining effective infor-
mation discriminating between the tracked object and the 40
surrounding region irom the region of the tracked object of
the 1mage and the surrounding region of the tracked object.

In a technology disclosed 1n U.S. Pat. No. 6,590,999, the
color distribution of the tracked object in the past image 1s
stored as the template, and the region similar to the template 45
1s searched in the current image by using a gradient method.

In a technology dlsclosed in H. Grabner, et. al., “Online
Boosting and Vision”, IEEE. Coni. on Computer V181011 and
Pattern Recognition, PP. 260 267, 2006, 1n order to discrimi-
nate between the tracked object and the surrounding region, 50
information (for example, mmformation on a background
color) indicating a difference between the tracked object and
the surrounding region 1s obtained from the 1image to perform
learning as a discriminator of the tracked object, and the
tracked object 1s tracked. 55

However, 1n the conventional configuration, when the body
(analog) similar to the tracked object exists near the tracked
object, unfortunately sometimes the analog 1s mistakenly
tracked instead of the tracked object.

In the technology disclosed in U.S. Pat. No. 6,590,999, the 60
template includes the information on the color or edge distri-
bution obtained from the tracked object, and the analog 1s
detected by the degree of similarity to the template. There-
fore, when the analog exists near the tracked object, some-
times the analog 1s mistakenly tracked. 65

In the technology disclosed 1n H. Grabner, et. al., “Online
Boosting and Vision”, IEEE. Conf. on Computer VlSlon and

2

Pattern Recognition, PP. 260-267, 2006, when the analog that
1s extremely similar to the tracked object exists near the

tracked object, because the effective information for discrimi-
nating between the tracked object and the surrounding region
(1including the analog) cannot be extracted, the tracked object
cannot be tracked.

SUMMARY

One or more embodiments of the present ivention pro-
vides an object tracking apparatus and an object tracking
method, which can precisely track the tracked object even 1t
the analog of the tracked object exists around the tracked
object.

In accordance with one aspect of the present invention,
there 1s provided an object tracking apparatus that tracks an
object 1n a time-series image including a plurality of frames,
the object tracking apparatus including: a positional relatlon-
ship determining unit that determines a positional relation-
ship between the object and an analog having a feature similar
to that of the object in an earlier frame of a current frame; an
object position speciiying unit that specifies a position of the
object 1n the current frame; and an analog position speciiying
unit that specifies a position of the analog 1n the current frame
when the analog exists 1n a surrounding region that 1s of a
predetermined region around the object, wherein the object
position specifying unit predicts the position of the object in
the current frame to specity the position of the object based on
the position of the object and a motional state of the object in
an earlier frame when the positional relationship 1s in a first
state, and the object position specilying unit searches the
object from an i1mage of the current frame to specily the
position o the object when the positional relationship 1s not in
the first state.

In accordance with another aspect of the present invention,
there 1s provided an object tracking method for tracking an
object 1n a time-series image including a plurality of frames,
the object tracking method including the steps of: determin-
ing a positional relationship between the object and an analog
having a feature similar to that of the objectin an earlier frame
of a current frame; specifying a position of the object 1n the
current frame; specilying a position of the analog 1n the
current frame when the analog exists 1n a surrounding region
that 1s of a predetermined region around the object; wherein,
in the object position specifying step, the position of the
object 1n the current frame 1s predicted to specity the position
ol the object based on the position of the object and a motional
state of the object 1n an earlier frame when the positional
relationship 1s 1n a first state, and the object from an 1mage of
the current frame 1s searched to specily the position of the
object when the positional relationship 1s not in the first state.

According to the configuration, the processing of the object
position speciiying unit 1s switched according to the posi-
tional relationship between the object and the analog. There-
fore, when the object can hardly precisely be tracked due to
the positional relatlonsth between the object and the analog,
the position of the object in the current frame can be predicted
to specily the position of the object based on the position of
the object and the motional state of the object. Therefore, even
if the analog exists around the object, the transfer of the
tracking can be prevented to track precisely the object.

According to one or more embodiments of the present
invention, the positional relationship determining unit deter-
mines that the positional relationship 1s 1n the first state when
the analog exists within a first range near the object.

According to the configuration, when the analog exists
near the object, the object position specitying unit predicts the
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position of the object 1n the current frame based on the posi-
tion of the object and the motional state of the object. There-
fore, even 11 the transier of the tracking 1s easily generated 1n
performing the tracking processing because the analog exists
near the object, the position of the object 1s predicted from the
motional state of the object, so that the transter of the tracking,
can be prevented to track precisely the object.

According to one or more embodiments of the present
invention, the analog position specifying umt searches the
analog from the image of the current frame to specily the
position of the analog.

According to one or more embodiments of the present
invention, the object tracking apparatus further includes an
analog motional state speciiying unit, wherein the positional
relationship determining unit determines that the positional
relationship 1s 1n a second state when the analog exists within
a second range outside the first range, the analog motional
state specilying unit specifies a motional state of the analog
when the positional relationship 1s 1n the second state, the
analog position specifying unit predicts the position of the
analog 1n the current frame to specilty the position of the
analog based on the position of the analog and the motional
state of the analog in an earlier frame when the positional
relationship 1s 1n the first state, and the analog position speci-
fying unit searches the analog from the 1mage of the current
frame to specity the position of the analog when the positional
relationship 1s in the second state.

According to the configuration, the analog motional state
specilying unit specifies the motional state of the analogin the
second state 1n which the transier of the tracking 1s hardly
generated because the object and the analog are separated to
some extent, and the analog position specifying unit predicts
the position of the analog 1n the current frame based on the
position of the analog and the motional state of the analog in
the first state in which the transfer of the tracking 1s easily
generated because the object and the analog comes close to
cach other. Theretfore, even 11 the analog cannot precisely be
searched because the analog exists near the object, the posi-
tion of the analog can be predicted from the motional state of
the analog.

According to one or more embodiments of the present
invention, the positional relationship determining unit deter-
mines that the positional relationship 1s 1n a third state when
the analog exists in neither the first range nor the second
range, and the analog position specifying unit searches the
analog from the image of the current frame to specily the
position of the analog when the positional relationship 1s in
the third state.

According to one or more embodiments of the present
invention, the object tracking apparatus further includes an
object motional state specifying unit that specifies the
motional state of the object.

According to the configuration, because the object
motional state specitying unit specifies the motional state of
the object, the object position specifying unit can predict the
position of the object 1n the current frame based on the posi-
tion of the object and the motional state of the object.

According to one or more embodiments of the present
invention, the positional relationship determining unit deter-
mines the positional relationship according to a distance
between the object and the analog.

According to the configuration, the processing of the object
position speciiying unit can be switched according to the
distance between the object and the analog.

According to one or more embodiments of the present
invention, the motional state indicates a speed.
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According to the configuration, when the object can hardly
precisely be tracked, the object position specilying unit can
predict the position of the object in the current frame to
specily the position of the object based on the position of the
object and the object speed.

In accordance with still another aspect of the present inven-
tion, there 1s provided an object tracking apparatus that tracks
an object 1 a time-series 1mage including a plurality of
frames, the object tracking apparatus including: an object
position specilying unit that searches the object from an
image ol a current frame to specily a position of the object in
the current frame; and an analog position speciiying unit
searches an analog having a feature similar to that of the
object from the 1mage of the current frame, and specifies a
position of the analog 1n the current frame when the analog
exists 1 a surrounding region that 1s of a predetermined
region around the object.

In accordance with still yet another aspect of the present
invention, there 1s provided an object tracking method for
tracking an object 1n a time-series image including a plurality
of frames, the object tracking method including the steps of:
searching the object from an i1mage of a current frame to
specily a position of the object in the current frame; and
searching an analog having a feature similar to that of the
object from the 1image of the current frame, and specifying a
position of the analog 1n the current frame when the analog
exists 1 a surrounding region that 1s of a predetermined
region around the object.

According to the configuration, the analog that 1s easily
mistakenly recognized as the object 1s previously detected to
specily the position thereol. Therefore, a determination
whether the candidate of the object that 1s detected 1n a certain
frame 1s the analog can be made by using the information on
the position of the analog in the earlier frame. Therefore, the
transier of the tracking can be prevented to track precisely the
object. For example, the object position specitying unit com-
putes likelihood that the candidate 1s the object according to
the distance of the candidate of the object 1n a certain frame
from the analog of the previous frame (and distance from the
object of the previous frame), and the object position speci-
tying unit may determine whether the candidate 1s the object
based on the likelihood.

According to one or more embodiments of the present
invention, the object tracking apparatus further includes an
object feature quantity producing unit that extracts character-
1stic information on the object from the 1mage of the current
frame, and produces a characteristic object feature quantity of
the object by using the extracted characteristic information on
the object, wherein the object position specifying umit
searches the object from the image of the current frame to
specily the position of the object by using the object feature
quantity 1n an earlier frame, and the analog position specity-
ing unit searches the analog from the image of the current
frame to specity the position of the analog 1n the current frame
by using the object feature quantity.

According to the configuration, the analog 1s searched by
using the object feature quantity identical to that of the object
searching. Theretfore, only the analog that 1s easily mistakenly
recognized as the object because of the same feature as the
object can be searched more precisely. The analog can be
searched by using the already-produced object feature quan-
tity, so that a processing time necessary to search the analog
can be shortened.

The object tracking apparatus may partially be imple-
mented by a computer. In such cases, a control program that
causes the computer to implement the object tracking appa-
ratus by operating the computer as each of the units and a
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computer-readable recording medium 1n which the control
programs are recorded are also included in one or more
embodiments of the invention.

As described above, according to one or more embodi-
ments of the imvention, the analog that 1s easily mistakenly
recognized as the object 1s previously detected, and the posi-
tion of the analog 1s specified. Therelfore, the determination
whether the candidate of the object detected 1n a certain frame
1s the analog can be made by using the information on the
position of the analog 1n an earlier frame. Accordingly, the
transier of the tracking can be prevented to track precisely the
object.

According to one or more embodiments of the mvention,
the processing of the object position specitying unit 1s
switched according to the positional relationship between the
object and the analog. When the object 1s hardly precisely
tracked due to the positional relationship between the object
and the analog, the position of the object can be specified by
predicting the position of the object 1n the current frame based
on the position of the object and the motional state of the
object. Therefore, even 11 the analog exists around the object,
the transter of the tracking can be prevented to track precisely
the object.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram 1llustrating a schematic configu-
ration of a body tracking system according to one or more
embodiments of the invention;

FIG. 2 1s a block diagram 1llustrating a configuration of a
tracking unit of the body tracking system according to one or
more embodiments of the invention;

FIG. 3A 1s a view 1llustrating an example of tracking pro-
cessing performed to an 1mage of a certain frame, and F1G. 3B
1s a view 1llustrating an example of the tracking processing
performed to an 1mage of the next frame;

FIG. 4 1s a flowchart 1llustrating an outline of an object
tracking processing tlow 1n a body tracking apparatus;

FIG. 5 15 a flowchart illustrating an 1nitialization process-
ing flow in an 1mitialization unit;

FIG. 6 1s a flowchart 1llustrating a tracking processing flow
in a tracking unit;

FI1G. 7 1s a flowchart 1llustrating the tracking processing
flow 1n the tracking unait;

FIG. 8 1s a view 1illustrating an example of a positional
relationship between an object and an analog, FIG. 8 A illus-
trates an example of the positional relationship 1n which a
tracking state 1s “safety”, FIG. 8B illustrates an example of
the positional relationship in which the tracking state 1s
“proximity”’, and FIG. 8C illustrates an example of the posi-
tional relationship in which a tracking state 1s “overlap™; and

FIG. 9 1s a view 1llustrating an example of a surrounding,
region.

DETAILED DESCRIPTION

Hereinaiter, embodiments of the present invention will be
described with reference to the drawings. A body tracking
system, which 1s mounted on a digital video camera and
tracks an object in an imaged moving 1image to focus continu-
ously on the object, will be described below. However, the
invention 1s not limited thereto. The body tracking system
will be described with reference to FIGS. 1 t0 9. In embodi-
ments of the invention, numerous specific details are set forth
in order to provide a more thorough understanding of the
invention. However, it will be apparent to one of ordinary skill
in the art that the mnvention may be practiced without these
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6

specific details. In other mstances, well-known features have
not been described 1n detail to avoid obscuring the invention.
<Confliguration of Body Tracking System™>

FIG. 1 1s a block diagram 1illustrating a schematic configu-
ration of a body tracking system 1 according to one or more
embodiments of the invention. The body tracking system 1
includes an 1imaging device 2, a focus control apparatus 3, and
a body tracking apparatus (object tracking apparatus) 10.

Theimaging device 2 images the moving image. The imag-
ing device 2 includes an imaging element such as a CCD
(Charge coupled device) and a CMOS (complementary metal
oxide semiconductor) imaging element. According to one or
more embodiments of the present invention, the 1maging
device 2 images a 30-frame 1mage per second. The imaging
device 2 outputs the imaged moving 1mage as the image, 1n
which plural frames are arrayed in time series, to the body
tracking apparatus 10.

The body tracking apparatus 10 tracks the object that 1s of
a tracked target from the time-series 1image and outputs the
position of the object 1n the image to the focus control appa-
ratus 3. The detailed configuration of the body tracking appa-
ratus 10 1s described later.

The focus control apparatus 3 adjusts a focal point of the
imaging device 2 based on the position of the object 1n the
image mput from the body tracking apparatus 10.

The detailed configuration of the body tracking apparatus
10 will be described below. The body tracking apparatus 10
includes an 1image obtaining unit 11, a storage unit 12, an
initialization unit 13, and a tracking unit 14. The mitialization
unit 13 specifies the object that becomes the tracked target in
the 1mage, and the tracking umt 14 tracks the object 1n the
time-series 1mage.

The image obtaining unit 11 sequentially obtains the time-
series 1mage (1mage data) from the imaging device 2 to store
the time-series 1mage in the storage unit 12.

Various pieces of information are stored 1n the storage unit
12, and the storage unit 12 includes a storage device such as
an HDD (Hard Disk Drive) and a flash memory. The images
of plural frames obtained by the 1image obtaining unit 11 are
stored 1n the storage umit 12. Various pieces of information
output from the 1nitialization unit 13 and tracking unit 14 are
stored 1n the storage unit 12.

<Configuration of Imitialization Unit>

The mitialization unit 13 includes an object designating,
unit 21, an initial object searching unit (object position speci-
tying unit) 22, an imitial object template producing unit (ob-
ject feature quantity producing unit) 23, an 1initial surrounding
region deciding umt 24, an imitial surrounding searching unit
(analog position speciiying unit) 235, and an initial analog
template producing unit (analog feature quantity producing
unit) 26.

The object designating unit 21 specifies the object that
becomes the tracked target in the image. For example, the
object designating unit 21 receives input of information indi-
cating where the object that becomes the tracked target exists
in the 1mage. For example, the digital video camera provides
the image that 1s being imaged to a user by a display device
provided with a touch panel, and the user designates a posi-
tion 1n which the object that becomes the tracked target exists
by using the touch panel. The object designating unit 21
outputs the mmformation on the designated position to the
initial object searching unit 22.

The object designating unit 21 may receive information
indicating a region where the object exists.

Based on the position designated by the object designating,
unit 21, the 1nitial object searching unit 22 searches the object
from the 1image to specily the position 1n which the object
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exi1sts (or the region where the object exists). Specifically, the
initial object searching unit 22 obtains the 1image of the frame
at a certain point (for example, the latest frame) from the
storage unit 12. The following processing 1s performed to the
image of the frame by the imitialization unit 13. The mitial
object searching unit 22 performs face detection to a prede-
termined region including the designated position, for
example, a 100-by-100-pixel region centering on the desig-
nated position. A well-known technology can be used as the
face detection. The initial object searching unit 22 sets a
rectangular region including the detected face to the object
region where the object exists, and the imitial object searching,
unit 22 sets a coordinate 1n the center of the object region to
the position of the object. For example, the object region 1s set
larger with enlarging 1mage of the detected face. The mitial
object searching unit 22 outputs the pieces of information on
the position of the object and (a width and a height of) the
object region to the nitial object template producing unit 23
and the 1initial surrounding region deciding unit 24. The nitial
object searching unit 22 stores the pieces of information on
the position of the object and the object region in the storage
unit 12 while correlating the pieces of information on the
position of the object and the object region with the frame.

The 1mitial object searching umit 22 may perform person
detection instead of the face detection, or the nitial object
searching unit 22 may perform processing ol extracting
another feature point. The object region may be a region
having another shape such as a circle or a region having a
predetermined size.

The object designating unit 21 recerves iput of a specific
condition, and the initial object searching unit 22 may detect
the object based on the condition. For example, when the
object designating unit 21 receives the input of the condition
that “the face 1s set to the object”, the initial object searching,
unit 22 performs the face detection over the whole 1mage to
set one of the detected faces to the object. When the object
designating unit 21 receives the input of the condition that “a
square body 1s set to the object”, similarly the initial object
searching unit 22 sets one of the square bodies detected from
the 1mage to the object.

The mitial object template producing unit 23 extracts a
feature quantity characterizing the object and produces a
template characterizing the object. Specifically, the initial
object template producing unit 23 produces the template from
the 1mage included in the object region. The template
includes a characteristic feature quantity of the object, such as
a color distribution and an edge distribution. The object 1n the
image ol the next frame can be tracked by performing track-
ing processing such as a gradient method using the template.
A well-known technology can be used 1n the production of the
template. The 1in1tial object template producing unit 23 stores
the produced template of the object 1n the storage umt 12
while correlating the template with the frame.

The mitial surrounding region deciding unit 24 decides on
the region where the analog similar to the object 1s searched.
Specifically, the 1nitial surrounding region deciding unit 24
decides on a predetermined region around the object region as
analog search region (surrounding region). The 1nitial sur-
rounding region deciding unit 24 outputs the information on
the surrounding region to the initial surrounding searching
unit 25.

The 1nitial surrounding searching unit 25 searches the sur-
rounding region to check whether an analog similar to the
object exists around the object. For example, using the object
template produced by the initial object template producing,
unit 23, the initial surrounding searching unit 25 searches the
region similar to the template in the surrounding region to
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search the analog from the surrounding region. The 1nitial
surrounding searching unit 25 specifies the position of the
detected analog and the region (analog region) where the
analog exists, and the 1nitial surrounding searching unit 25
stores the pieces of information on the position of the analog
and the analog region 1n the storage unit 12 while correlating
the pieces of information on the position of the analog and the
analog region with the frame. When the plural analogs are
detected 1n the surrounding region, the initial surrounding
searching unit 25 stores the pieces of information on all the
positions of the plural analogs and the analog regions 1n the
storage unit 12. The initial surrounding searching unit 25
outputs the pieces of information on the position of the analog
and the analog region to the 1n1tial analog template producing
unit 26.

The mitial surrounding searching unit 25 can detect the
analog similar to the object (having the feature similar to that
of the object) by using the method (method for detecting the
similar feature) similar to the detection method (face detec-
tion) performed by the initial object searching unit 22. For
example, the mitial surrounding searching unit 25 may per-
form the face detection 1n the surrounding region to detect the
image of the face, which differs from that of the object and
ex1sts 1n the surrounding region around the object.

The1mitial surrounding region deciding unit 24 decides that
the whole 1mage 1s the surrounding region where the analog 1s
searched, and the 1nitial surrounding searching unit 25 may
search the analog except the object from the whole 1mage.

The 1nitial analog template producing unit 26 produces a
template with respect to each detected analog. The method
similar to that of the mitial object template producing unit 23
can be adopted 1n the processing of producing the template.
The 1mitial analog template producing unit 26 stores the pro-
duced template of the analog in the storage umt 12 while
correlating with the template with the frame.

Therefore, the mitialization unit 13 stores the pieces of
information on the position of the object, the object region,
the template of the object, the position of the analog, the
analog region, and the template of the analog 1n the 1mage of
a certain frame 1n the storage unit 12. The tracking unit 14
performs the tracking of the object from the next frame based
on the pieces of information.

<Configuration of Tracking Unit>

FIG. 2 1s a block diagram 1illustrating a configuration of the
tracking unit 14. The tracking unit 14 includes a state deter-
mining unit (positional relationship determining unit) 31, a
searching region deciding umt 32, an object searching unit
(object position specitying unit) 33, an object motion infor-
mation producing unit (object motional state specifying unit)
34, an object template producing unit (object feature quantity
producing unit) 35, a surrounding region deciding unit 36, a
surrounding searching unit (analog position specitying unit)
37, an analog template producing unit (analog feature quan-
tity producing unit) 39, an output unit 40, and an object
predicting unmit (object position specifying unit) 41.

The 1mage obtaining unit 11 obtains an 1image of the next
frame of the image, in which the object that becomes the
tracked target 1s specified by the mitialization unit 13, from
the 1imaging device 2 to store the image of the next frame in
the storage unit 12. The tracking unit 14 tracks the object in
the 1mage of the next frame. Hereinafter the frame of the
processing target to which the tracking unit 14 performs the
tracking processing 1s referred to as a current frame, and the
image of the current frame 1s referred to as a processing target
image.

The state determinming unit 31 determines a positional rela-
tionship between the object and the analog existing around
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the object from the position of the object, the object region,
the position of the analog, and the analog region 1n a previous
frame of the current frame.

When the analog 1s not detected 1n the surrounding region
of the object 1n the previous frame of the current frame, it 1s
believed that a body 1n which “transfer of tracking” 1s easily
generated does not exist near the object. In the “transfer of
tracking”, the analog 1s mistakenly tracked as the tracked
target. Usually 1t 1s assumed that a moving amount of the body
1s not so large 1n the 1image of one {frame or several frames.
Theretfore, when the analog 1s not detected 1n the surrounding
region of the object in the previous frame of the current frame,
the object can be tracked by performing normal tracking
processing. When the analog 1s not detected in the surround-
ing region of the object 1n the previous frame of the current
frame, the state determining unit 31 determines that a tracking
state indicating the positional relationship between the object
and the analog 1s “safety”. The tracking state “safety” indi-
cates a state 1n which a risk of generating the transfer of
tracking 1s not generated (small chance of generation) even 11
the normal tracking processing 1s performed.

When the object and the analog are separated larger than a
predetermined distance, a possibility of generating the trans-
ter of tracking 1s low even if the normal tracking processing 1s
performed. Therefore, when the object and the analog are
separated larger than the predetermined distance, the state
determining unit 31 determines that the tracking state indi-
cating the positional relationship between the object and the
analog 1s “safety”.

When the object and the analog are brought close to each
other within the predetermined distance (the analog exists
within a predetermined range around the object), that1s, when
the object and the analog exists 1n close to each other, the state
determining unit 31 determines that the tracking state indi-
cating the positional relationship between the object and the
analog 1s “proximity”. The tracking state “proximity” indi-
cates a state 1n which the analog that possibly generates the
transier of tracking through the tracking processing exists
near the object although the normal tracking processing can
be performed to track the object.

When the object and the analog overlap each other (the
analog exists within the predetermined range near the object),
the state determining unit 31 determines that the tracking
state indicating the positional relationship between the object
and the analog 1s “overlap”. The tracking state “overlap”
indicates a state 1n which the transfer of tracking from the
object to the analog 1s possibly generated when the normal
tracking processing 1s performed.

The state determining unit 31 may determine that the posi-
tional relationship between the object and the analog 1s “over-
lap” when the analog exists within a predetermined range
(first range) near the object or when the analog exists 1n the
object, the state determining unit 31 may determine that the
positional relationship between the object and the analog 1s
“proximity” when the analog exists within a predetermined
range (second range) outside the first range, and the state
determining unit 31 may determine that the positional rela-
tionship between the object and the analog 1s “safety” when
the analog exists 1n neither first range nor the second range.
For example, the determination of the positional relationship
between the object and the analog may be made by a distance
between the position 1n the center of the object region and the
position in the center of the analog region, an iterval (gap)
between the object region and the analog region, or an over-
lapping area between the object region and the analog region.
The detailed processing of determining the tracking state 1s
described later.
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When the tracking state 1s “safety” or “proximity”, the state
determining unit 31 outputs the information on the tracking
state to the searching region deciding unit 32, and the tracking
unmt 14 performs the tracking processing to track the object
and the analog 1n the current frame.

When the tracking state 1s “overlap”, the state determining,
unmit 31 outputs the mformation on the tracking state to the
object predicting unit 41, the tracking unit 14 does not per-
torm the normal tracking processing but predicts the position
of the object in the current frame from the motion of the object
in the past frame. The tracking unit 14 searches the analog that
exists around the predicted position of the object, or the
tracking unit 14 specifies the position of the analog by pre-
dicting the position of the analog 1n the current frame from the
motion of the analog 1n the past frame.

When the tracking state 1s “safety” or “proximity”, the
searching region deciding unit 32 decides on the region where
the object 1s searched 1n the processing target image. For
example, the searching region deciding unit 32 decides on the
rectangular region, which 1s vertically and horizontally
double (the area 1s four times) the object region in the previ-
ous frame centering on the position of the object 1n the pre-
vious Irame, as the object searching region. The searching
region deciding unit 32 outputs the information on the object
searching region to the object searching unit 33.

Using the template of the object 1n the previous frame, the
object searching unit 33 specifies the object region where the
object and the position of the object 1n the current frame with
respect to the object searching region by the gradient method.
When the tracking state 1s “safety” or “proximity”, the object
and the analog are separated from each other to some extent.
Theretfore, even 11 the analog exists in the object searching
region, the object searching unit 33 computes a score (likeli-
hood that the body 1s the object) according to a distance of the
body (a candidate o the object) from the position of the object
in the previous frame by the gradient method, and the object
searching unit 33 can decide on the object according to the
score to track the object. Alternatively, the object searching
umt 33 computes a score (likelihood that the body 1s the
analog) according to a distance of the candidate of the object
from the position of the analog 1n the previous frame, and the
object searching unit 33 may decide on the object according
to the score relating to the object and the score relating to the
analog. A well-known technology can be used 1n the compu-
tation of the score. The object searching unit 33 may specily
the position of the object by using plural templates according
to the score by searching the object 1n each of plural tem-
plates. For example, the plural templates means templates of
the objects 1n the plural past frames stored 1n the storage unit
12. Other usual body tracking methods such as a particle filter
can be adopted in the tracking processing of the object search-
ing unit 33. According to one or more embodiments of the
present invention, the object searching unit 33 specifies the
rectangular region including the object as the object region.
However, similarly to the initial object searching umit 22, the
shape of the object region 1s not limited to the rectangle. The
object searching unit 33 stores the pieces of information on
the position of the object and the object region 1n the specified
current frame 1n the storage unit 12 while correlating the
pieces ol mformation on the position of the object and the
object region with the current frame. The object searching
unit 33 outputs the pieces of information on the position of the
object and the object region in the current frame to the object
motion information producing unit 34, the object template
producing unit 35, the surrounding region deciding unit 36,
and the output unit 40.
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The object motion information producing unit 34 specifies
motion (motional state) of the object to produce the informa-
tion on a motional state based on the position of the object,
which 1s obtained from the processing target image of the
current frame and the image 1n the frame before the current
frame. Specifically, the object motion information producing
unit 34 obtains an average speed in the 1mages of the objects
among the plural frames from the position of the object in the
current frame and the positions of the objects in the plural
frames before the current frame. The object motion informa-
tion producing unit 34 stores the obtained average speed as
the motional state of the object 1n the storage unit 12.

The object motion information producing unit 34 may
obtain an amount indicating the speed of the object by another
method or obtain the speed and average acceleration of the
object 1n the motional state.

The object template producing unit 35 extracts the charac-
teristic feature quantity of the object 1n the processing target
image of the current frame to produce the characteristic tem-
plate of the object. The object template producing unit 35 can
produce the template 1n the manner similar to that of the initial
object template producing unit 23. The object template pro-
ducing unit 33 stores the produced template of the object 1n
the storage umit 12 while correlating the template with the
current frame, and the object template producing unit 33
outputs the produced template of the object to the surround-
ing searching unit 37.

The template of the object may be produced by mixing (for
example, averaging) the feature quantity obtained from the
processing target image and the feature quantity obtained
from the 1mage of the past frame.

The surrounding region deciding unit 36 decides on the
region where the analog similar to the object 1s searched.
Similarly to the initial surrounding region deciding unit 24,
the surrounding region deciding unit 36 decides on a prede-
termined region around the object region in the current frame
as the region (surrounding region) where the analog 1is
searched. The surrounding region may overlap the object
searching region or be separated into plural regions. The
surrounding region deciding unit 36 outputs the pieces of
information on the surrounding region, the position of the
object, and the object region 1n the current frame to the sur-
rounding searching unit 37.

The surrounding searching unit 37 checks whether the
analog exists around the object by searching the surrounding
region. When the tracking state 1s “proximity”, the surround-
ing searching unit 37 performs the tracking processing such
as the gradient method by using the template of the analog 1n
the previous frame based on the position of the analog in the
previous Irame stored in the storage unit 12, thereby tracking,
the analog. When the surrounding searching unit 37 fails to
track the analog (for example, when the analog moves out of
the surrounding region), the surrounding searching unit 37
ends the tracking of the analog. The analog may be tracked by
using the template of the object. When the tracking state 1s
“proximity” or “safety” in order to check whether the new
analog comes close to the object, the surrounding searching
unit 37 detects the analog existing 1n the surrounding region
by searching the surrounding region by using the template of
the object. The surrounding searching unit 37 specifies the
position of the detected (or tracked) analog and the region
(analog region) where the analog exists, and the surrounding
searching unit 37 stores the pieces of information on the
position of the analog and the analog region 1n the storage unit
12 while correlating the pieces of information on the position
of the analog and the analog region with the current frame.
When the plural analogs are detected in the surrounding
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region, the surrounding searching unit 37 stores the pieces of
information on the positions of all the analogs and the analog
regions in the storage unit 12. The surrounding searching unit
3’7 outputs the pieces of information on the position of the
analog and the analog region to the analog template produc-
ing unit 39.

The surrounding searching unit 37 may search the analog
in the manner similar to that of the 1nitial surrounding search-
ing unit 25. The surrounding searching unit 37 may track and
search the analog by using not the template of the analog but
the template of the object. In such cases, the processing of the
tracking unit 14 becomes faster because the necessity to pro-
duce the template of the analog (analog template producing
unit 39) 1s eliminated.

The analog template producing unit 39 extracts the char-
acteristic feature quantity of the analog in the processing
target image of the current frame to produce the characteristic
template of the analog. The analog template producing unit
39 may produce the template 1n the manner similar to that of
the mnitial analog template producing unit 26. The analog
template producing umt 39 stores the produced template of
the analog 1n the storage unit 12 while correlating the tem-
plate with the current frame.

The output unit 40 outputs the pieces of information on the
position of the object and the object region in the current
frame to the focus control apparatus 3.

When the tracking state 1s “overlap”, the object predicting
umt 41 estimates the position of the object and the object
region 1n the current frame from the motional state of the
object stored 1n the storage unit 12. For example, the object
predicting unmit 41 estimates the position of the object 1n the
processing target image of the current frame from the position
of the object in the previous frame and the object speed. The
object predicting unit 41 predicts that the size of the object
region remains the size of the object region 1n the previous
frame. The object predicting unit 41 may predict the size of
the object region in the current frame from a history of a
change 1n size of the object region in the plural past frames.
The object predicting unit 41 stores the pieces of information
on the estimated position of the object and the object region 1n
the storage unit 12 while correlating the pieces of information
on the position of the object and the object region with the
current frame. The object predicting unit 41 outputs the
pieces ol mformation on the estimated position of the object
and the objectregion to the output unit 40 and the surrounding
region deciding unit 36.

When the tracking state 1s “overlap”, the surrounding
region deciding unit 36 decides on the surrounding region
according to the estimated position of the object and the
object region, and the surrounding searching unit 37 search
the analog 1n the surrounding region. The surrounding search-
ing unit 37 stores the pieces of information on the position and
analog region of the detected body (analog) in the storage unit
12 and outputs the pieces of information on the position and
analog region to the analog template producing unit 39. At
this point, there 1s a probability that the body detected within
the predetermined range including the estimated position of
the object 1s the object. However, the transier of the tracked
target to the analog can be prevented, because the object
predicting unit 41 specifies the position of the object by
predicting the motional state of the past object. The analog
that newly comes close to the object while the tracking state
1s “overlap” can be detected to prevent the transier of the
tracked target to another analog.

When the tracking state 1s “overlap”, the surrounding
searching unit 37 may estimate the position of the analog and
the analog region 1n the current frame from the motional state
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of the past analog. For example, similarly to the object pre-
dicting unit 41, the position of the analog in the processing
target 1mage of the current frame is predicted from the posi-
tion of the analog 1n the previous frame and the analog speed.
The surrounding searching unit 37 stores the pieces of infor-
mation on the estimated position of the analog and the analog
region 1n the storage unit 12 while correlating the pieces of
information on the estimated position of the analog and the
analog region with the current frame. At this point, the track-
ing unit 14 may include an analog motion information pro-
ducing unmit (analog motional state specitying unit) that pro-
duces information on the motional state of the analog. The
analog motion information producing unit produces the infor-
mation on the motion (motional state) of the analog in the
manner similar to that of the object motion information pro-
ducing unit 34 based on the positions of the analog obtained
from the processing target image of the current frame and the
image 1n the frame before the current frame. When the analog
1s not detected 1n the earlier frame, the analog motion 1nfor-
mation producing unit does not produce the information on
the motional state of the analog. When the plural analogs are
detected 1n the current frame and earlier frame, the analog
motion information producing unit correlates the analog of
the current frame and the analog of the earlier frame by the
teature or position of each analog to obtain the motional state
(such as speed and acceleration) of each analog. The analog
motion information producing unit stores the motional state
of the analog 1n the storage unit 12.

The output unit 40 outputs the pieces of information on the
estimated position of the object and the object region in the
current frame to the focus control apparatus 3.

Inthe following frames, the state determining unit 31 deter-
mines the tracking state based on the estimated position of the
object and the estimated position of the analog. When the
estimated position of the object and the estimated position of
the analog are suificiently separated from each other, the state
determining unit 31 determines that the tracking state is
“proximity” or “safety”, and the tracking unit 14 resumes the
tracking of the object.

According to one or more embodiments of the present
invention, the determination of the tracking state 1s made
from the positional relationship between the object and the
analog, and the tracking processing 1s dynamically changed
according to the tracking state. The object 1s tracked when the
tracking state 1s “safety” or “proximity”. When the tracking
state 1s “overlap”, the object 1s not tracked, but the position of
the object 1s predicted from the motional state of the object in
the past frame. Therefore, even if the analog exists near the
object (for example, the analog partially overlaps the object),
the transier of the tracked target can be prevented to perform
precisely the continuous tracking of the object. Even in the
situation 1 which the continuous tracking of the object can-
not conventionally be performed (for example, a situation in
which a person who 1s the object and another person who 1s
the analog intersect and pass each other 1n the image) the body
tracking apparatus 10 according to one or more embodiments
ol the present invention can continuously track the object.

The tracking unit 14 may concurrently perform the pro-
cessing (the pieces of processing of the searching region
deciding umt 32, object searching unit 33, object motion
information producing unit 34, and object template produc-
ing unit 35) relating to the object searching and the processing
(the pieces of processing of the surrounding region deciding
unit 36, surrounding searching unit 37, and analog template
producing unit 39) relating to the analog searching. In such
cases, the surrounding region deciding unit 36, the surround-
ing searching unit 37, and the analog template producing unit
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39 can perform the pieces of processing based on the pieces of
information (such as the position of the object, the object
region, and the template of the object) on the object 1n the
previous Irame. This 1s because the pieces ol information
such as the position of the object are expected not to be largely
changed between the frames.

<Tracking Processing Flow>

An object tracking processing flow of the body tracking
apparatus 10 will be described below. FIG. 3A 15 a view
illustrating an example of the tracking processing performed
to an 1mage of a certain frame, and FIG. 3B 1s a view 1llus-
trating an example of the tracking processing performed to an
image of the next frame. In an 1mage 50q of a certain frame
illustrated in FIG. 3A, a person 51 1s imaged 1n the center of
the 1mage 50q, and a person 52 1s imaged on the left of the
person 51, and a person 53 1s imaged at the upper left of the
person 52. An example in which the person 51 1s tracked will
be described below.

FIG. 4 1s a flowchart 1llustrating an outline of an object
tracking processing tlow in the body tracking apparatus 10.

The image obtaiming unit 11 obtains the imaged image 50a
from the imaging device 2 (S1). The image obtaining unit 11
stores the obtained 1image 50q 1n the storage unit 12.

The mitialization unit 13 obtains the image 50a of a certain
frame from the storage unit 12 to specily the object that
becomes the tracked target in the image 50a (S2).

The 1image obtamning unit 11 sets an 1mage 5056 of the next
frame to the processing target image and obtain the image 505
from the imaging device 2 (S3). The image obtaining unit 11
stores the obtained 1image 506 1n the storage unit 12.

The tracking unit 14 tracks the object in the image 5056 of
the current frame and outputs the pieces of information on the
position of the object and the object region 1n the processing
target 1mage 506 of the current frame to the focus control
apparatus 3 (54).

Then the pieces of processing 1n S3 and S4 are repeated 1n
cach frame.

<Initialization Processing Flow>

The detailed processing tlow of the initialization unit 13
will be described below. FIG. 5 1s a flowchart illustrating an
initialization processing flow of the initialization unit 13.

The object designating unit 21 receirves the position 1n the
image 1n which the objects that becomes the tracked target
ex1sts from a user (S11). At this point, the user designates the
position of the face of the person 51 with the touch panel.

The1mitial object searching unit 22 performs the face detec-
tion to a predetermined region including the designated posi-
tion and specifies the position of the object (the face of the
person 51) and an object region 54 (S12). The object region
54 1s set as the rectangular region including the object. The
position of the object 1s set to the center of the object region.
The position of the object and the object region may be
designated by upper-leit and lower-right coordinates of the
rectangular object region.

The 1imitial object template producing unit 23 extracts the
feature quantity, such as a color distribution of the 1mage,
which 1s included 1n the object region 54, and the 1n1tial object
template producing unit 23 produces the characteristic object
template of the object (S13).

The mitial surrounding region deciding unit 24 decides on
the predetermined region around the object region 34 as a
region (surrounding region) 35 where the analog 1s searched
(S14). The surrounding region 35 1s a region surrounded by
inner and outer broken lines around the object region 54. At
this point, the surrounding region 55 and the object region 354
are separated from each other by a predetermined distance.
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Using the object template, the 1nitial surrounding search-
ing unit 25 detects the analog (the face of the person 52)
similar to the object with respect to the surrounding region 55.
When the analog 1s not detected 1n the surrounding region 55
(NO 1 S15), the mitialization unit 13 ends the processing.
When the analog 1s detected 1n the surrounding region 53
(YES 1n S15), the initial surrounding searching unit 25 speci-
fies the detected position of the analog and a region (analog
region) 36 where the analog exists (516). The analog region
56 1s set as the rectangular region including the analog. The
position of the analog 1s set to the center of the analog region.

After the processing 1n S16, the mitial analog template
producing umt 26 extracts the feature quantity such as the
color distribution of the image included 1n the analog region
56 and produces the characteristic analog template of the
analog (S17). Then the imtialization unit 13 ends the 1nitial-
1zation processing.

<Tracking Processing Flow>

The detailed processing tflow of the tracking unit 14 will be
described below. FIGS. 6 and 7 are tlowcharts illustrating a
tracking processing flow 1n the tracking unit 14.

The state determining unit 31 determines the positional
relationship between the object and the analog existing
around the object 1n the 1image 50a of the previous frame of
the current frame. FIGS. 8A to 8C are views 1illustrating an
example of the positional relationship between the object and
the analog. When the plural analogs are detected 1n the image
50a of the previous frame, the determination of the tracking
state 1s made 1n each analog.

As 1llustrated 1in FIG. 8A, when a distance x between the
position of the object and the position of the analog 1s more
than a threshold TH1 or when the analog does not exist (YES
in S21), the state determining umt 31 determines that the
tracking state 1s “safety” (S22). However, for the plural ana-
logs detected in the 1mage 50a of the previous frame, the flow

goes to S23 when the distance x between the position of the
object and the position of the analog 1s not more than the
threshold TH1 1n at least one analog (NO 1n S21).

As 1llustrated 1in FIG. 8B, when the distance x between the
position of the object and the position of the analog 1s not
more than the threshold TH1 and when the distance x 1s more
than a threshold TH2 (NO 1n S21 and YES 1n S23), the state
determining unit 31 determines that the tracking state is
“proximity” (S24). However, for the plural analogs detected
in the 1image 50q of the previous frame, the flow goes to S25
when the distance x between the position of the object and the
position of the analog 1s not more than the threshold TH2 1n at
least one analog (NO 1n S23).

As 1llustrated 1n FIG. 8C, when the distance x between the
position of the object and the position of the analog 1s not
more than the threshold TH2 (NO 1n S23), the state determin-

ing unit 31 determines that the tracking state 1s “overlap”

(S25). At this point, the state determining unit 31 fixes the
thresholds TH1 and TH2 according to the size of the object
region and the size of each analog region. The thresholds TH1
and TH2 are increased with enlarging object region or analog
region. For example, the threshold TH2 may be the sum of a
half width of the object region and a half width of the analog
region.

When the tracking state 1s determined to be “satety” (after
S22), or when the tracking state 1s determined to be “proxim-
ity” (aiter S24), the searching region deciding unit 32 decides
on the rectangular region, which 1s vertically and horizontally
double (the area 1s four times) the object region in the previ-
ous frame centering on the position of the object 1n the pre-
vious Irame, as an object searching region 57 (526).
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Using the template of the object 1n the previous frame, the
object searching unit 33 specifies the position of the object
and an object region 58 where the object exists 1 current
frame with respect to the object searching region 57 through
the tracking processing such as the gradient method (S27).
The position of the object 1s set to the center of the object
region 58.

The object motion information producing unit 34 obtains
the average speed of the object in the 1image between the
plural frames from position of the object 1n the current frame
and the positions of the objects in the plural frames before the
current frame (S28).

Similarly the processing in S13, the object template pro-
ducing unit 35 extracts the feature quantity, such as the color
distribution of the image, which 1s included in an object
region 58 of the processing target image 505 of the current
frame, and object template producing unit 35 produces the
characteristic template of the object (529).

When the tracking state 1s determined to be “overlap” (after
S25), the object predicting unit 41 predicts the position of the
object and the object region 1n the processing target image
506 of the current frame from the position of the object in the
previous frame and the object speed (S37).

After the processing 1n S29 or S37, similarly to the pro-
cessing 1n S14, the surrounding region deciding unit 36

decides on the predetermined region around the object region
as a region (surrounding region) 59 where the analog 1is
searched (S30).

After the processing 1n S30, when the tracking state 1s
determined to be “proximity” (YES 1n S31), the surrounding
searching unit 37 performs the tracking processing such as
the gradient method by using the template of the analog 1n the
previous Irame based on the position of the analog in the
previous Irame, thereby tracking the analog (such as the face
of the person 52). The tracked position of the analog and an
analog region 60 are specified (S32).

When the tracking state 1s determined to be “safety” or
“overlap” (NO 1n S31), or after the processing 1n S32, the
surrounding searching unit 37 search the surrounding region
59 by using the template of the object to detect the analog
(such as the face of the person 352) existing 1n the surrounding,
region.

When the face 1s not detected 1n the surrounding region 59
(and the analog cannot be tracked) (NO 1n S33), the output
unit 40 outputs the pieces of information on the position of the
object and the object region 58 1n the processing target image
506 of the current frame to the focus control apparatus 3
(S36).

When the analog 1s detected 1n the surrounding region 39 or
when the analog can be tracked (YES 1n S33), the surround-
ing searching unit 37 specifies the position of each detected
and tracked analog and the region (analog region) 60 where
cach analog exists (S34). The analog region 60 1s set as the
rectangular region including the analog. The position of the
analog 1s set to the center of the analog region.

The analog template producing unit 39 extracts the feature
quantity, such as the color distribution of the image, which 1s
included in the analog region 60 of the processing target
image 506 of the current frame, and the analog template
producing unit 39 produces the characteristic template of
cach analog (535).

The output unit 40 outputs the pieces of information on the
position of the object and the object region 58 in the process-
ing target image 305 of the current frame to the focus control
apparatus 3 (536). Then the tracking unit 14 ends the tracking
processing 1n the current frame.
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In the decision 1n S26 of the object searching region 57,
when the tracking state 1s determined to be “overlap™ in the
previous frame while the tracking state 1s determined to be
“safety” or “proximity” in the current frame, a wider region
may be decided on as the object searching region 37. For
example, a rectangular region which 1s vertically and hori-
zontally triple (the area 1s nine times) the object region 54
(FIG. 3B) 1n the previous frame may be decided on as the
object searching region 37.

In the processing 1n S37, the object predicting unit 41 may
predict the position of the object from the motion of the
background 1mage.

In the processing 1n S21, the tracking state 1s determined to
be “safety” when the analog 1s not detected in the previous
frame without providing the threshold TH1, and the tracking
state 1s determined to be “proximity” or “overlap” when the
analog 1s detected in the previous frame without providing the
threshold THI.

In the processing 1n S30, the surrounding region deciding
unit 36 may decide that the plural regions divided around the
object region 1s the surrounding region. For example, as 1llus-
trated in FIG. 9, four rectangular surrounding regions 39 may
be provided above and below and on the right and left of the
object region 58. The object region 58 and the surrounding
regions 59 may be in contact with each other.

According to one or more embodiments of the present
invention, the face image of the person 1s detected and tracked
from the shot moving 1mage. However, the body tracking
apparatus 10 according to one or more embodiments of the
present mvention can also applied to other moving 1mages
such as animation. An image of an upper body or whole body
of a person may be detected, or 1mages of other moving
bodies such as a ball, a vehicle, and a carrying baggage may
be detected. Even 1n the static body, the body moves in the
shot 1mage when the 1imaging device 2 1s moved. Therefore,
the body tracking apparatus 10 according to one or more
embodiments of the present invention can also applied to the
static body. That 1s, one or more embodiments of the inven-
tion can be applied to the tracking of the object that moves in
the obtained time-series 1mage.

Finally, each block of the body tracking apparatus 10,
particularly the object designating unit 21, the mitial object
searching unit 22, the 1itial object template producing unit
23, the 1nitial surrounding region deciding unit 24, the maitial
surrounding searching unit 25, the mitial analog template
producing unit 26, the state determining unit 31, the searching
region deciding unit 32, the object searching umt 33, the
object motion information producing unit 34, the object tem-
plate producing unit 35, the surrounding region deciding unit
36, the surrounding searching unit 37, the analog template
producing unit 39, the output unit 40, and the object predict-
ing unit 41 may be formed by hardware logic or may be
realized as follows by software using the CPU.

That 1s, the body tracking apparatus 10 includes the CPU
(Central Processing Unit) that executes a command of a con-
trol program realizing each function, the ROM (Read Only
Memory) in which the program 1s stored, the RAM (Random
Access Memory) 1n which the program 1s developed, and the
storage device (recording medium) such as a memory 1n
which the program and various pieces ol data are stored.
Program codes (an executable format program, an interme-
diate code program, and a source program) of the control
programs that are of the software realizing the functions in the
body tracking apparatus 10 are recorded in the recording
medium while the computer can be read the program codes,
the recording medium 1s supplied to the image body tracking,
apparatus 10, and the computer (or the CPU or MPU (Micro-
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processor Unit)) reads and executes the program code
recorded 1n the recording medium.

Examples of the recording medium include tape system
such as magnetic tape and cassette tape, disk systems includ-
ing magnetic disks such as floppy disk (registered trademark)
and a hard disk and optical disks such as a CD-ROM (Com-
pact Disc read Only Memory), an MO (Magneto-Optical) an
MD (Min1 Disc), a DVD (Digital Versatile Disc), and a CD-R
(CD Recordable), card systems such as an IC card (including
a memory card) and an optical card, and semiconductor
memory systems such as a mask ROM, an EPROM (FErasable
and Programmable Read Only Memory), an EEPROM (Elec-
trically Erasable and Programmable Read Only Memory) and
a flash ROM.

The image body tracking apparatus 10 1s configured to be
able to be connected to a communication network, and the
program code may be supplied through the commumnication
network. There 1s no particular limitation to the communica-
tion network. Examples of the communication network
include the Internet, an 1ntranet, an extranet, a LAN (Local
Area Network), an ISDN (Integrated Services Digital Net-
work), a VAN (Value-added Network), a CATV (Community
Area Television) communication network, a virtual private
network, a telephone line network, a mobile communication
network, and a satellite communication network. There 1s no
particular limitation to a transmission medium included in the
communication network. Examples of the transmission
medium include wired lines such as IEEE (Institute of Elec-
trical and Electronic Engineers) 1394, a USB, a power-line
carrier, a cable TV line, atelephone line, and an ADSL (Asyn-
chronous Digital Subscriber Loop) line and wireless lines
such as infrared ray such as IrDA (Infrared Data Association)
and a remote controller, Bluetooth (registered trademark),
802.11 wireless, HDR (High Data Rate), a mobile telephone
network, a satellite line, and a terrestrial digital network. One
or more embodiments of the invention can be realized in the
form of a computer data signal embedded 1n a carrier wave 1n
which the program code 1s embodied by electronic transmis-
S1011.

The 1invention 1s not limited to the specific embodiments
above, and various changes can be made without departing
from the scope of the invention.

For example, one or more embodiments of the invention
can be applied to mnstruments, such as the digital camera, the
digital video camera, and the camera-equipped mobile phone,
which track the object in the moving 1image.

While the invention has been described with respect to a
limited number of embodiments, those skilled in the art,
having benelit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the
scope of the invention should be limited only by the attached
claims.

What 1s claimed 1s:

1. An object tracking apparatus that tracks an object 1n a
time-series 1mage mcluding a plurality of frames, the object
tracking apparatus comprising;:

a positional relationship determining unit that determines a

positional relationship between the object and an analog
_1aV111g a feature similar to that of the object 1n an earlier
frame of a current frame;
an object position speciiying unit that specifies a position
of the object 1n the current frame;
an analog position speciiying unit that specifies a position
of the analog 1n the current frame when the analog exists
in a surrounding region that 1s of a predetermined region
around the object; and
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an object feature quantity producing unit that extracts char-
acteristic information on the object from the 1image of
the current frame, and produces a characteristic object
feature quality of the object by using the extracted char-
acteristic information on the object,

wherein the object position speciiying unit predicts the

position of the object 1n the current frame to specily the
position of the object based on the position of the object
and a motional state of the object 1n an earlier frame
when the positional relationship 1s 1n a first state,

the object position speciiying unit searches the object from

an 1mage of the current frame to specity the position of
the object when the positional relationship 1s not in the
first state,

the object position speciiying unit searches the object from

the 1mage of the current frame to specily the position of
the object by using the object feature quantity in an
earlier frame, and

the analog position specitying unit searches the analog

from the 1mage of the current frame to specity the posi-
tion of the analog 1n the current frame by using the object
feature quantity.

2. The object tracking apparatus according to claim 1,
wherein the positional relationship determining unit deter-
mines that the positional relationship 1s 1n the first state when
the analog exists within a first range near the object.

3. The object tracking apparatus according to claim 1,
wherein the analog position specifying unit searches the ana-
log from the image of the current frame to specily the position
of the analog.

4. The object tracking apparatus according to claim 2,
turther comprising an analog motional state specifying unit,
wherein the positional relationship determining unit deter-
mines that the positional relationship 1s 1n a second state when
the analog exists within a second range outside the first range,
the analog motional state specifying unit specifies a motional
state of the analog when the positional relationship 1s 1n the
second state, the analog position speciiying unit predicts the
position of the analog in the current frame to specity the
position of the analog based on the position of the analog and
the motional state of the analog in an earlier frame when the
positional relationship 1s in the first state, and the analog
position speciiying unit searches the analog from the image
ol the current frame to specily the position of the analog when
the positional relationship 1s 1n the second state.

5. The object tracking apparatus according to claim 1,
wherein the positional relationship determining unit deter-
mines that the positional relationship 1s in a third state when
the analog exists in neither the first range nor the second
range, and the analog position specitying unit searches the
analog from the image of the current frame to specily the
position of the analog when the positional relationship 1s in
the third state.

6. The object tracking apparatus as in claim 1, further
comprising an object motional state specitying unit that
specifies the motional state of the object.

7. The object tracking apparatus as in claim 1, wherein the
positional relationship determining unit determines the posi-
tional relationship according to a distance between the object
and the analog.

8. The object tracking apparatus as in claim 1, wherein the
motional state indicates a speed.

9. An object tracking apparatus that tracks an object 1n a
time-series 1image including a plurality of frames, the object
tracking apparatus comprising: an object position specilying,
unit that searches the object from an 1image of a current frame
to specily a position of the object in the current frame; an
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analog position speciiying unit searches an analog having a
feature similar to that of the object from the image of the
current frame, and specifies a position of the analog 1n the
current frame when the analog exists 1n a surrounding region
that 1s of a predetermined region around the object; and an
object feature quantity producing unit that extracts character-
istic information on the object from the 1mage of the current
frame, and produces a characteristic object feature quantity of
the object by using the extracted characteristic information on
the object, wherein the object position specifying umit
searches the object from the image of the current frame to
specily the position of the object by using the object feature
quantity in an earlier frame, and the analog position specity-
ing unit searches the analog from the image of the current
frame to specity the position of the analog 1n the current frame
by using the object feature quantity.

10. The object tracking apparatus according to claim 2,
wherein the analog position specitying unit searches the ana-
log from the 1image of the current frame to specily the position
of the analog.

11. The object tracking apparatus as in claim 2, further
comprising an object motional state specifying unit that
specifies the motional state of the object.

12. The object tracking apparatus as in claim 3, further
comprising an object motional state specifying unit that
specifies the motional state of the object.

13. The object tracking apparatus as in claim 1, further
comprising an object motional state specitying unit that
specifies the motional state of the object.

14. The object tracking apparatus as in claim 5, further
comprising an object motional state specifying unit that
specifies the motional state of the object.

15. The object tracking apparatus as in claim 10, further
comprising an object motional state specifying unit that
specifies the motional state of the object.

16. An object tracking method for tracking an object in a
time-series 1mage including a plurality of frames, the object
tracking method comprising the steps of: determining a posi-
tional relationship between the object and an analog having a
feature similar to that of the object 1n an earlier frame of a
current frame; specilying a position of the object 1n the cur-
rent frame; specilying a position of the analog 1n the current
frame when the analog exists 1n a surrounding region that 1s of
a predetermined region around the object; and extracting
characteristic information on the object from the 1image of the
current frame, and producing a characteristic object feature
quantity ol the object by using the extracted characteristic
information on the object; wherein, 1 the object position
speciiying step, the position of the object 1n the current frame
1s predicted to specily the position of the object based on the
position of the object and a motional state of the object 1n an
carlier frame when the positional relationship 1s 1n a first state,
and the object from an image of the current frame 1s searched
to specily the position of the object when the positional rela-
tionship 1s not 1n the first state, the object from the 1mage of
the current frame 1s searched to specily the position of the
object by using the object feature quantity 1n an earlier frame,
and 1n the analog position specitying step, the analog from the
image of the current frame 1s searched to specily the position
of the analog 1n the current frame by using the object feature
quantity.

17. An object tracking method for tracking an object 1n a
time-series 1mage including a plurality of frames, the object
tracking method comprising the steps of: searching the object
from an 1mage of a current frame to specily a position of the
object 1 the current frame; searching an analog having a
teature similar to that of the object from the 1mage of the
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current frame, specilying a position of the analog in the
current frame when the analog exists 1n a surrounding region
that 1s of a predetermined region around the object; and
extracting characteristic information on the object from the
image of the current frame, and producing a characteristic
object feature quantity of the object by using the extracted
characteristic information on the object; wherein, 1n search-
ing the object step, the object from the image of the current
frame 1s searched to specily the position of the object by using
the object feature quantity in an earlier frame, and in an
analog position specitying step, the analog from the image of
the current frame 1s searched to specily the position of the
analog 1n the current frame by using the object feature quan-
tity.

18. A control program stored on a non-transitory computer-
readable medium that causes a computer to perform the steps
of: determining a positional relationship between an object
that 1s of a tracked target and an analog having a feature
similar to that of the object in an earlier frame of a current
frame 1n a time- series 1mage including a plurality of frames;
specilying a position of the object 1n the current frame; speci-
tying a position of the analog in the current frame when the
analog exists 1n a surrounding region that 1s of a predeter-
mined region around the object; and extracting characteristic
information on the object from the image of the current frame,
and producing a characteristic object feature quantity of the
object by using the extracted characteristic information on the
object; wherein, 1n the object position specilying step, the
position of the object in the current frame 1s predicted to
specily the position of the object based on the position of the
object and a motional state of the object 1n an earlier frame
when the positional relationship 1s 1n a first state, the object
from an 1image of the current frame 1s searched to specity the
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position of the object when the positional relationship 1s not in
the first state, the object from the 1image of the current frame
1s searched to specity the position of the object by using the
object feature quantity in an earlier frame, and 1n an analog
position specilying step, the analog from the image of the
current frame 1s searched to specily the position of the analog
in the current frame by using the object feature quantity.

19. A control program stored on a non-transitory computer-
readable medium that causes a computer to perform the steps

of:

searching an object that1s of a tracked target from an 1image
of a current frame 1n a time-series 1image ncluding a
plurality of frames to specily a position of the object in
the current frame;

searching an analog having a feature similar to that of the
object from the 1image of the current frame, specifying a
position of the analog in the current frame when the
analog exists in a surrounding region that 1s of a prede-
termined region around the object; and

extracting characteristic information on the object from the
image of the current frame, and producing a character-
1stic object feature quantity of the object by using the
extracted characteristic information on the object;

wherein, 1n the searching the object step, the object from
the image of the current frame 1s searched to specity the
position o the object by using the object feature quantity
in an earlier frame, and

in an analog position specifying step, the analog from the
image ol the current frame 1s searched to specity the
position of the analog 1n the current frame by using the
object feature quantity.
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